Rapidly declining biodiversity may be a contributing factor to another global megatrend-the rapidly increasing prevalence of allergies and other chronic inflammatory diseases among urban populations worldwide. According to the "biodiversity hypothesis," reduced contact of people with natural environmental features and biodiversity may adversely affect the human commensal microbiota and its immunomodulatory capacity. Analyzing atopic sensitization (i.e., allergic disposition) in a random sample of adolescents living in a heterogeneous region of 100 × 150 km, we show that environmental biodiversity in the surroundings of the study subjects' homes influenced the composition of the bacterial classes on their skin. Compared with healthy individuals, atopic individuals had lower environmental biodiversity in the surroundings of their homes and significantly lower generic diversity of gammaproteobacteria on their skin. The functional role of the Gram-negative gammaproteobacteria is supported by in vitro measurements of expression of IL-10, a key anti-inflammatory cytokine in immunologic tolerance, in peripheral blood mononuclear cells. In healthy, but not in atopic, individuals, IL-10 expression was positively correlated with the abundance of the gammaproteobacterial genus Acinetobacter on the skin. These results raise fundamental questions about the consequences of biodiversity loss for both allergic conditions and public health in general.
biodiversity benefits | hygiene hypothesis | microbial deprivation | civilization diseases B y 2050, some predict that two-thirds of the global human population will live in urban areas with little green space and limited contact with nature and biodiversity (1) . At the same time, an increasing fraction of the urban population will suffer from chronic inflammatory disorders (2, 3) , of which allergic (4) and autoimmune diseases are prime examples. Building on the hygiene hypothesis (5, 6) , the notion that growing up in a farming environment protects children from allergic sensitization (7, 8) , and the emerging understanding of the role of microbes in the development and maintenance of epithelial cell integrity and tolerance (3, 9) , the "biodiversity hypothesis" (10) proposes that reduced contact of people with natural environmental features and biodiversity, including environmental microbiota, leads to inadequate stimulation of immunoregulatory circuits. Importantly, interactions with the natural environment may influence the composition of the human commensal microbiota, the members of which are not equal in their ability to stimulate the regulatory circuits via Toll-like and other antigen-recognizing receptors to prevent or terminate inappropriate inflammatory responses (3) .
To test the biodiversity hypothesis of inflammatory disorders, we studied a random sample of 118 adolescents inhabiting a small town, villages of different sizes, and isolated houses within a 100 × 150 km region in eastern Finland. The inflammatory disorder that we examined is atopic sensitization, which involves the propensity to develop IgE antibodies in response to allergen exposure (11) . Here we address four questions. First, we examine whether the environmental biodiversity influences the composition of the commensal microbiota of the study subjects. Environmental biodiversity was characterized at two spatial scales, the vegetation cover of the yards and the major land use types within 3 km of the homes of the study subjects. Commensal microbiota sampling evaluated the skin bacterial flora, identified to the genus level from DNA samples obtained from the volar surface of the forearm. Second, we investigate whether atopy is related to environmental biodiversity in the surroundings of the study subjects' homes. Third, we examine whether atopy is related to the composition of the skin microbial community. Finally, we characterize the immune function of the study subjects by in vitro measurement of IL-10 expression in peripheral blood mononuclear cells (PBMCs) and relate it to the composition of the skin microbiota. IL-10 is one of the key anti-inflammatory cytokines in immunologic tolerance.
Results
Environmental Biodiversity and Skin Microbiota. We estimated the areas of the following land use types within 3 km of the home of each study subject: forest, covering on average 49% of the total area around the homes; agricultural land, 12%; built areas, 16%; lakes and other water bodies, 20%; and wetlands, 3%. The first principal component (PC1 env ) of the land use data was positively correlated with forest and agricultural land and negatively correlated with built areas and water bodies, thus correlating with terrestrial vegetated habitats (SI Appendix, Table S1 ). The pooled microbiota for the 118 study subjects included 572 bacterial genera in 43 classes. Consistent with previous studies of the skin microbiota (12, 13) , the dominant classes were Actinobacteria, Bacilli, Clostridia, Betaproteobacteria, Alphaproteobacteria, and Gammaproteobacteria (Table 1) . We characterized the composition of the skin microbiota with a principal components analysis (PCA) of the numbers of genera in these six bacterial classes. The second principal component (PC2 bac ) correlated positively with the generic diversity of proteobacteria and negatively with the generic diversity of all other bacterial classes (SI Appendix, Table S2 ). The PC1 env of the land use types was significantly (P = 0.0033) related to PC2 bac ( Fig. 1) , indicating that the generic diversity of proteobacteria was higher on the skin of individuals living in an environment with more forest and agricultural land compared with those living in built areas and near water bodies. Repeating the PCA for the relative abundances of the bacterial classes instead of their generic diversity did not yield a significant association with PC1 env , although the relative abundances of all proteobacterial classes were positively correlated, and the relative abundances of the other bacterial classes were negatively correlated, with PC1 env , consistent with the pattern found for generic diversity (PC2 bac ).
We used 15 vegetation and other land cover types to describe the yards around the homes, with an average area of 0.17 ha. The second principal component of these data was correlated with PC2 bac (P = 0.02), but because this factor was also correlated with PC1 env , it did not make an independent contribution in a multiple regression model. PC2 bac was not related to plant species richness in the yard or to the type, age, or condition of the house.
Determination of Atopy. The study subjects were divided into healthy individuals and atopic individuals based on IgE antibody level in a screen with Phadiatop, a mixture of common inhalant allergens. The distribution of IgE values was bimodal (SI Appendix, Fig. S2 ), and in this this study we used a cutoff value of 2.5 kU A /L to identify individuals with atopic sensitization. To verify that the results were not sensitive to the exact cutoff point, we repeated the association analyses involving atopy with a lower cutoff point of 1 kU A /L (SI Appendix, Fig. S2 ). The same study subjects had participated in a comprehensive study of allergy 7 y earlier, including skin prick testing (SPT) against common inhalant allergens (14) . Evaluation of atopic sensitization by SPT in 2003 and an IgE screen in 2010 yielded highly concordant results (χ 2 = 63.2, P < 0.0001; 88% of individuals classified similarly), indicating constancy of individuals' atopic sensitization from early to late adolescence.
Environmental Biodiversity and Atopy. Atopic individuals resided throughout the study area (SI Appendix, Fig. S3 ), with no spatial autocorrelation in their occurrence in the study population (Moran's I, Z = −0.75, P = 0.45). Atopy was somewhat more frequent in the small town of Joensuu than in the rest of the study area (0.51 vs. 0.38), but the difference was not statistically significant (χ 2 = 1.97, P = 0.16). However, atopy was significantly explained by environmental biodiversity around the homes of the study subjects. Atopy decreased with PC1 env of the land use types, and thus with the amount of forested and agricultural land within 3 km of the home ( Table 2 ). The types of vegetation in the yard had no effect, but species richness of one group of plants-uncommon native flowering plants-was significantly negatively correlated with atopy ( Table 2 ). This finding is illustrated in Fig. 2A , showing that the number of uncommon native flowering plant species was ∼25% higher in the yards of healthy individuals compared with the yards of atopic individuals. In this analysis, we used the total number of all plant species identified in the yard as a covariate to account for differences in size and type of yard. The effect of uncommon native flowering plant species was an exception, given that species richness in other plant categories was unrelated to atopy (SI Appendix, Table S3 ).
Using the data collected in 2003 (14), we examined a number of additional factors that might have affected atopy in the study population (e.g., family member smoking, living on a farm, frequent contact with pets). None of these factors was significantly related to atopy (SI Appendix, Table S4 ).
Skin Microbiota and Atopy. Atopy was not related to PC2 bac , which we used to characterize the skin microbiota, but a strikingly strong, more specific association was detected at the level of bacterial class. Atopic individuals had highly significantly (P = 0.0003) lower generic diversity of gammaproteobacteria on the skin compared with healthy individuals (Fig. 2B and Tables 1 and  2 ). In this analysis, we used the total number of bacterial genera in the sample to account for variation in sample size (i.e., number of sequences), which is more effective here than using rarefaction (SI Appendix). Note that the correlation was detected specifically with generic diversity, rather than with relative abundance of gammaproteobacteria (Table 1) . For the other bacterial classes, there were no correlations that even approached significance with either generic diversity or relative abundance (Table 1) . IgE tests for specific common inhalant allergens (cat, dog, horse, birch, timothy grass, and mugwort) were all negatively correlated with the generic diversity of gammaproteobacteria, but none of these correlations was much stronger than the others, with P values ranging from 0.01 to 0.10 (SI Appendix, Table S5 ). These results imply that the strong and highly significant negative correlation between the generic diversity of gammaproteobacteria and atopy (Fig. 2B) is not due solely to any particular allergen.
We repeated the analysis of the correlation of atopy with environmental biodiversity and the richness of gammaproteobacteria using two other criteria for atopy: a different cutoff point for IgE values (SI Appendix, Fig. S2 ) and the SPT done in 2003. The results remained essentially the same (SI Appendix, Table S6 ). The "Relative abundance" columns give the percentage of sequences in each bacterial class (total number of sequences, 1,236,839) and the significance of atopy in explaining the relative abundance of the bacterial class on the skin of the study subject (ANOVA). The "Sign" column (+ or −) indicates the direction of the effect. The "Genetic diversity" columns report the number of genera and the significance of atopy in explaining the generic diversity of the bacterial class (as in Fig. 2B , using the total number of bacterial genera as a covariate to account for variation in sample size). The total number of bacterial genera in the pooled material was 572, of which the six classes in this table accounted for 77%. Fig. 1 . Relationship between the generic composition of skin microbiota and land use types around the home. The vertical axis shows PC2 bac , which correlates positively with the generic diversity of proteobacteria and negatively with the diversity of all other bacterial classes (SI Appendix, Table S2 ). The horizontal axis shows PC1 env , which summarizes variation in land use types within a 3-km radius of the homes of the study subjects and is positively correlated with forests and agricultural land (SI Appendix, Table S1 ). Regression: F = 9.12, df = 1.93, P = 0.0033. Gammaproteobacteria and Immune Function. The foregoing observational results ( Fig. 2B and Tables 1 and 2 ) imply a strong allergy-protective effect for gammaproteobacteria. This conclusion is supported by in vitro measurements of baseline levels of IL-10 mRNA in PBMCs in a large subset of the study subjects (n = 69). We analyzed correlations between IL-10 expression and the relative abundance and generic diversity of the different bacterial classes in the skin microbiota separately for healthy individuals and atopic individuals. We found one significant correlation, between the relative abundance of gammaproteobacteria and IL-10 expression in healthy individuals (P = 0.015) (SI Appendix, Table S7 ). Examining this association at the generic level revealed one highly significant correlation, between the relative abundance of Acinetobacter and IL-10 expression (P = 0.0004) (SI Appendix, Table S8 ), which was reversed in atopic individuals ( Fig. 3 ). At present, we do not know which cells are mainly responsible for IL-10 secretion in this material. In addition to allergen-specific T regulatory cells (15) , T effector cells, B cells, and innate cells (monocytes/macrophages) (16) secrete substantial amounts of IL-10 and thus potentially influence the development of immunologic tolerance.
Discussion
Environmental biodiversity, the human commensal microbiota, and the human immune system are complex systems with numerous components (i.e., species and molecules) that interact with each other. One might assume that interactions between these three systems might lead to intractable dynamics and defy any attempts to identify general patterns, a necessary starting point for developing a mechanistic understanding of these dynamics. Nonetheless, the present study involving a modest number of study subjects revealed several significant correlations (Fig. 4) . We conjecture that this study had sufficient power to detect these associations, because the study subjects had been randomly selected among the school children inhabiting a large region with widely varying environmental conditions, and because the study subjects had lived in the same dwellings during their entire childhood and thus were exposed to the same surrounding environmental conditions for a long period. We realize that the skin microbiota might be affected by the study subjects' washing habits and the kinds of soaps and detergents they used, but a correlation between these factors and the strong relationship between the skin microbiota and atopy is not plausible. We hypothesize that the associations between environmental biodiversity and atopy reflect immunologic responses developed by individuals with long-term exposure to particular assortments of environmental microbiota and natural allergens. The structure of the commensal microbiota showed much variation among the study subjects and was influenced by the environment, consistent with previous studies demonstrating significant differences between persons in commensal microbiota (12, 13, 15) . Our results The three explanatory variables are the first principal component of land use types (PC1 env ; SI Appendix ,  Table S1 ), the number of uncommon native flowering plant species in the yard (residual, accounting for the effects of field assistants and the total number of vascular plant species in the yard; Fig. 2A) , and the generic diversity of gammaproteobacteria (residual, accounting for the effect of the total number of bacterial genera; Fig. 2B ). The number of plant species on the vertical axis is the residual accounting for variation in the results of five pairs of field assistants. The effect of atopy is significant (t = −3.14, P = 0.0022, n = 94; without correcting for the effect of field assistants, t = −2.83, P = 0.0058). (B) The number of genera of gammaproteobacteria plotted against the total number of bacterial genera in the skin microbiota of atopic individuals (solid symbols) and healthy individuals (open symbols). The effect of atopy is highly significant (t = −3.72, P = 0.0003, n = 112).
do not reveal the mechanism of the environmental influence on atopy, but it is possible that this effect is due to the influence of environmental microbiota on commensal microbiota. Microbes are readily transmitted via pollen grains, dust, and ambient air (17) , and the microbes may act as both adjuvants (18, 19) and triggers of the regulatory circuits (3, 9) . Other environmental features, such as the amount and diversity of pollen, may play a role, although a simple relationship between pollen exposure and allergic diseases is unlikely (20) .
Turning to the significant association between gammaproteobacteria and atopy, it is conceivable that atopy affects the composition of the skin microbiota. Changes in gut microbiota have been reported in patients with allergic diseases (21, 22 ), although it is also possible that these changes precede the development of allergic manifestations and thus are a cause rather than (or as well as) a consequence (23, 24 ). An affect of allergic disease on skin microbiota is particularly plausible in atopic eczema, which is commonly treated topically with corticosteroid ointments that include antibacterial agents. However, atopic eczema is unlikely to explain the association between atopy and gammaproteobacteria in the present study, given the lack of significant association between atopy and self-reported atopic eczema in our study population (χ 2 = 3.16, P = 0.08). Previous studies have found increased abundance of Staphylococcus on the skin of individuals with atopic eczema (25, 26) . We found the same, with staphylococci accounting for 5.7% of all sequences in individuals with atopic eczema versus 4.4% in healthy individuals, a non-statistically significant difference (F = 1.53, P = 0.22).
Although we cannot definitely exclude the possibility that atopy can somehow encourage a more diverse assemblage of gammaproteobacteria in the skin microbiota, the reverse causality is much more likely, for several reasons. First, several previous studies found that high diversity of the commensal microbiota is associated with low risk for allergic diseases (27) (28) (29) , and a recent study, in line with ours, suggested a role for proteobacteria in this context (30) . Second, endotoxin derived from Gram-negative bacteria, such as gammaproteobacteria, is known to have immunomodulatory and allergy-protective potential (31) (35) found significant IL-10 expression in Acinetobacter lwoffiipulsed dendritic cells. The lack of association between Acinetobacter and IL-10 expression in atopic individuals in the present study might reflect a breakdown of the regulatory mechanisms and an imbalance in the ratio of T regulatory cells to T effector memory cells in atopic individuals (36, 37) . Finally, a series of experimental studies using the mouse model have demonstrated strong allergy-protective properties for A. lwoffii (38) (39) (40) . These latter studies leave no doubt about causality.
Thus, our results imply that gammaproteobacteria, although representing only 3% of the sequences in the skin community (Table 1) , may play a special role in the development and maintenance of the skin homeostasis and healthy barrier function, similar to that of certain gut bacteria (41, 42) . Gammaproteobacteria are common in the soil but are particularly dominant in above-ground vegetation, such as flowering plants (43) , and they have been detected on, for example, grass pollen grains (17) . Why atopy is associated with the gammaproteobacteria's generic diversity rather than with their relative abundance remains an open question warranting further study. It is possible that microbial diversity as such is important (29, 30, 44) , but it also is possible that our results reflect the history of atopic sensitization in the study subjects. The microbial sample was obtained in 2010, long after the development of atopy in these individuals. Therefore, any feature of the commensal microbiota that we have sampled must exhibit long-term constancy to be a serious candidate as the causal agent. It is possible that the generic diversity of a bacterial class is a more constant feature than its relative abundance.
In conclusion, the present results demonstrate that biodiversity can be surprisingly strongly associated with atopy, a common immune dysfunction of modern era. This association is observed both at the scale of the macrobiota, here in the form of species richness of native flowering plants and land use types in the wider environment, and at the scale of the microbiota, in the form of the diversity of one class of bacteria in the skin microbial community. The mechanisms underlying these associations remain to be clarified, but their implications are profound. Interactions with natural environmental features not only may increase general human well being in urban areas (45) , but also may enrich the commensal microbiota and enhance its interaction with the immune system, with far-reaching consequences for public health.
Materials and Methods
Study Subjects. The study subjects were a random sample of 14-to 18-y-old school children living within a 100 × 150 km area in eastern Finland (SI Appendix, Fig. S3 ). The subjects were originally recruited to a comprehensive Table S8 ). (14), and their families continued to live, with a few exceptions, in the same dwellings in 2010-2011, when data and samples for the present study were collected. The subjects' homes included apartments, row homes, and individual houses in the town of Joensuu (73,000 inhabitants) and villages of varying populations, as well as isolated houses in the sparsely populated countryside (SI Appendix, Fig. S3 ).
Allergy Tests. Blood samples (n = 116) were collected in September 2010 and screened with Phadiatop (a mixture of common inhalant allergens) and ImmunoCAP (Phadia). Samples with an IgE antibody level ≥0.35 kU A /L were also analyzed for allergen-specific IgE antibodies. In the previous study of the same subjects in 2003, SPT was performed against a standard set of eight inhalant allergens (ALK-Abello) with negative (solvent) and positive controls (histamine dihydrochloride 10 mg/mL). Individuals positive (i.e., wheal diameter ≥3 mm) for at least one of the eight inhalant allergens tested were classified as atopic. Background and clinical data were obtained using questionnaires (14) . The characteristics of the study subjects with respect to atopy as defined by SPT are presented in SI Appendix, Table S4 . /mL in complete RPMI-1640 medium with 10% heat-inactivated FBS at 37°C and 5% CO 2 . After 24 h of culture, total RNA was extracted from the PBMCs using Trisure (Bioline) according to the manufacturer's instructions. The RNA was reverse-transcribed into cDNA, and the mRNA expression level of IL-10 was measured by real-time quantitative PCR using the Applied Biosystems 7500 Fast Real-Time PCR System. PCR amplification of the endogenous 18S rRNA was performed for each sample to control sample loading and allow normalization between the samples. The results were expressed as relative units, calculated by the comparative CT method according to the manufacturer's instructions. ref. 47) . Phusion polymerase (Thermo Fisher Scientific/Finnzymes) with the HF buffer and 2.5% DMSO were used. Cycling conditions consisted of an initial denaturation at 98°C for 30 s, followed by 30 cycles of 98°C for 10 s, 65°C for 30 s, and 72°C for 10 s, and then a final extension for 5 min. Between 10 and 15 ng of template was used for each reaction. PCR products were processed as described previously (48) and sequenced using the 454-GS FLX Titanium protocol, with an average read length of ∼400 bp (Roche Diagnostics). The sequence data were analyzed using mothur (49) . Tag and primer sequences, as well as low-quality sequences (i.e., ambiguous nucleotides, homopolymers longer than eight nucleotides, average quality score <25) were removed. Sequences were aligned and clustered, and OTUs were defined. The samplespecific sequences were uploaded into the RDP Classifier (50) to identify the bacterial classes and genera, with 80% as the threshold value. The sequences have been deposited in the Sequence Read Archive at the European Bioinformatics Institute (accession no. ERP001059).
Environmental Biodiversity. Data on environmental biodiversity were collected in June and July 2010. For each home, the type (apartment building, row house, single/double house, or farmhouse), age, and condition (good, moderate, bad) were recorded. The area of the yard surrounding the house was estimated (average, 0.17 ha). Ten field assistants working in pairs recorded the species of vascular plants, which were classified into five functional groups and into "common" and "uncommon" species (SI Appendix, Table S3 ). The percentages of 15 land cover types in the yards were estimated. Land use types in the broader environment surrounding the home within a radius of 3 km were characterized using the CORINE2000 land cover database (51).
Statistical Analyses. Because of logistical problems, complete data including blood samples, skin swabs, and the environmental features could be obtained for only 95 individuals. The data were normally distributed after logarithmic transformation of the relative abundances of the six main bacterial classes. Data were analyzed by parametric ANOVA, linear and logistic regression, and PCA. In the main text, we use the total number of all bacterial genera in the samples as a covariate while analyzing associations between atopy and generic diversity in the six main bacterial classes ( Table 1 in the main text) . The total number of bacterial genera in the sample is interpreted as a biological measure of sample size. Commonly, rarefaction is used to correct for variation in sample size, that is, a constant number of units (here DNA sequences) is randomly drawn from each original sample to make them comparable. However, this approach is problematic in the present context due to the highly uneven distribution of relative abundances of the bacterial genera, which is partly caused by technical reasons. For instance, a specific genus may be very common in a particular sample because of bias in the PCR reaction. Correcting for sample size by rarefaction may hence lead to biased estimates of generic diversity. In our case, when we rarefied the samples to the constant size of 4567 sequences per sample, the only significant difference at the 5% level in generic diversity between healthy and atopic individuals was in Actinobacteria (P = 0.038). No significant differences were obtained for the other bacterial classes, including Gammaproteobacteria (P = 0.079). For Actinobacteria the result remained the same as when variation in sample sizes was accounted for by using the total number of bacterial genera as a covariate (see Table 1 in the main text). For Gammaproteobacteria the result changed greatly, and a simulation study was conducted to demonstrate that correcting for variation in sample size via rarefaction dramatically reduces statistical power to detect a true difference for a rare class, such as Gammaproteobacteria in the present study, which comprises only 3% of all sequences in the data.
The following simulation study was conducted to demonstrate the bias arising from rarefaction. We assumed a pool of 1000 genera from which samples were drawn for 100 individuals. Out of the 1000 genera, the first 50 ones were designated to belong to class G, which corresponds to Gammaproteobacteria in the empirical samples. The abundance distribution of the 1000 genera in the pool was defined by a truncated lognormal variate Y~exp(X), where X is normally distributed with mean 1 and SD 5, truncated at the value 1. We drew with replacement 100 samples from the pool, where the size of each sample was a random variable uniformly distributed between 5000 and 25000 sequences as in the empirical data. For half of the samples out of the total 100 (corresponding to 50 individuals), we doubled the number of sequences in the class G genera, to mimic higher relative abundance of these taxa in "healthy" (H) individuals. The remaining 50 samples represented "atopic" (A) individuals. We thereafter analyzed the data by regression to explain the number of genera in class G by the two covariates, the total number of genera per sample and the type of the sample, H or A (analogously to Fig. 2b in the main text) . To demonstrate the biasing effect due to rarefaction, a random subsample of 5000 sequences was drawn from each of the 100 generated samples, whereafter anova was used to test for the difference in the number of genera within class G between H and A individuals. Figure S1 shows a representative example of the simulation results. The effect of individual type (H or A) on the number of genera in class G is highly significant in the regression model (t = 3.50, P = 0.0007). In contrast, the difference in the number of genera in class G between H and A individuals was not significant after rarefaction correction (P = 0.051). These results are very similar to the empirical results (Fig. 2b in the main text and above) . If a greater difference in the relative abundances (number of sequences) of class G genera between H and A individuals is assumed, even rarefaction would detect the difference, but the example in Fig. S1 shows that accounting for variation in sample size by using the total number of bacterial genera as a covariate allows detection of smaller true differences, i.e. increases the statistical power of the analysis. Table S2 . Principal component analysis of the numbers of genera in the six main bacterial classes. n = 95, including study subjects for which there are data for both the skin microbiota and the land use types. Table S3 . Statistics for the five groups of plants recorded in 114 yards. The plant species have been divided into common species (forming one or more distinct patches of vegetation) versus uncommon species (distributed sparsely as single individuals). Pteridophytes had a small number of species and they were not analyzed further. The last two columns give the regression coefficient and the P value for the effect of atopy on the number of plant species in the particular category, using the total number of plant species in the yard as a covariate (as in Fig. 2a (3) of the house were determined in 2010, and in these cases atopy was determined by the IgE screen in 2010. The P value is for chi-squared test of independence. --------------------------------------------------------------------------------------------------------- Table S5 . Specific IgE tests against common inhalant allergens. This table gives the number and percentage of study subjects out of 118 who had a positive test result (>0.35 kU A /l) against the specific inhalent allergen. The next two columns give the median and maximum test result for positive individuals, and the last two columns give the effect of atopy as defined by the specific allergen on the generic diversity of gammaproterobacteria on the subject's skin (as in Fig. 2b for atopy defined by the generic Phadiatop© screen for a mixture of common inhalant allergens).
.90 --------------------------------------------------------------------------------------------------------------

Allergen
Positive cases Table S7 . Associations between the relative abundance and generic diversity of the six main bacterial classes and IL-10 expression separately in healthy (n = 45) and atopic individuals (n = 25). Relative abundance and IL-10 expression were log transformed. The table gives the P values from linear regression as in Table 1 in the main text. In the case of generic diversity, the total number of bacterial genera was used as a covariate (as in Fig. 2b in the main Table S8 . Associations between the relative abundance of the 12 most common genera of gammaproteobacteria (average relative abundance > 0.001%) and IL-10 expression separately in healthy (n = 45) and atopic individuals (n = 25). Both variables were log transformed. The last two columns table give the P values from linear regression as in Table  1 
